Two strains of bacteria designated CB-3 T and CB-31 were isolated from Kyonggi University forest soil. Cells were aerobic, Gram-stain-negative, oxidase-positive, non-motile, non-spore-forming, rod-shaped and yellow-pigmented. They were able to grow at 15-42 C, pH 5.5-9.5 and with 0-1.5 % (w/v) NaCl concentration. Flexirubin-type pigments were absent. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strains CB-3 T and CB-31 formed a lineage within the family (52 mol%), and most of the members contain iso-C 15 : 0 as a major fatty acid, menaquinone-6 as the major respiratory quinone and phosphatidylethanolamine as a major polar lipid [1, 25, [27] [28] [29] [30] [31] .
The genus Flavobacterium was first proposed by Bergey et al. [1] in which the first species was isolated and described as Bacillus aquatilis by Frankland and Frankland in 1889 [2, 3] . The genus Flavobacterium belongs to the Cytophaga-Flavobacterium-Bacteroides (CFB) group of the phylum Bacteroidetes [4, 5] . Members of the genus Flavobacterium are widely distributed in nature (particularly in water, soil, sediment, micromats, etc). There are 16 polar species isolated from the Antarctic region, which can grow under psychrophilic conditions [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Some species have been isolated from hexachlorocyclohexane-contaminated soil [16, 17] , sediment with a high arsenic content [18] and wastewater polluted with heavy metals [19] . Furthermore, some species of the genus Flavobacterium cause diseases in fish [20] [21] [22] [23] . At the time of writing, there are 166 species with validly published names (http://www.bacterio.net/flavobacterium.html).
The genus Flavobacterium was first emended by Bernardet el al. [24] then frequently emended by Dong et al. [25] and more recently by Kang et al. [26] . Members of the genus Flavobacterium have a DNA G+C content in the range of 30-41 mol%, except for Flavobacterium caeni (52 mol%), and most of the members contain iso-C 15 : 0 as a major fatty acid, menaquinone-6 as the major respiratory quinone and phosphatidylethanolamine as a major polar lipid [1, 25, [27] [28] [29] [30] [31] .
This study describes strains CB-3 T and CB-31, novel members of the genus Flavobacterium, isolated from a sample of forest soil from Kyonggi University, Suwon, Republic of Korea (37 18¢ 1 † N and 127 2¢ 20 † E), and subjected to polyphasic taxonomic characterization. The results obtained from the phenotypic, genotypic, chemotaxonomic and phylogenetic analyses indicate that strains CB-3 T and CB-31 represent a novel species of the genus Flavobacterium in the family Flavobacteriaceae.
Strains CB-3
T and CB-31 were isolated using a modified culture technique with 6-well polycarbonate transwell plates (Corning) as described previously [32] . After placing 3 g of soil into each transwell plate, 3 ml R2A medium (MB Cell) was added to each transwell insert. Then, 100 µl soil suspension (1 g soil in 9 ml distilled water; thoroughly stirred and settled) was placed into the insert. The transwell plate was then incubated in a shaking incubator at 120 r.p.m. and IP: 54.70.40.11
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C for 2 weeks. After 2 weeks, the culture was serially diluted, and 100 µl of each dilution was spread on an R2A agar plate. Colonies were streaked individually on R2A plates until pure colonies were obtained. Before use, the strains were routinely cultivated by streaking on R2A agar and incubating at 28 C for 48 h. For long-term maintenance, the cultures were preserved at À70 C in R2A broth supplemented with 20 % (v/v) glycerol.
Genomic DNA was extracted using an InstaGene Matrix kit (Bio-Rad), and the 16S rRNA gene was amplified by PCR using universal bacterial primers 27F and 1492R [33] . PCR products were purified with a multiscreen-filter plate (Millipore) and sequenced with an Applied Biosystems 3770XL DNA analyser using a BigDye Terminator cycle sequencing kit v.3.1 (Applied Biosystems). A nearly complete sequence was assembled with SeqMan software (DNASTAR). The nearly complete lengths of the 16S rRNA gene sequences for strains CB-3
T and CB-31 were 1449 and 1445 bp, respectively. The closest phylogenetic neighbours were identified using the EzBioCloud database [34] . All the 16S rRNA sequences of the closest relatives were retrieved from GenBank and subjected to multiple sequence alignment using CLUSTAL X 2.1 [35] . After multiple alignments, gaps at the 5¢ and 3¢ ends were deleted using the software package BioEdit [36] . Phylogenetic trees were reconstructed using MEGA6 [37] by three different methods: neighbour-joining method [38] , maximum-parsimony algorithm [39] and maximumlikelihood algorithm [40] . During phylogenetic analysis, evolutionary distances were calculated using the Kimura two-parameter model [41] , and bootstrap values were calculated based on 1000 replications [42] . T and F. cauense KACC 15181 T were selected for comparative analysis and were used as reference strains for biochemical tests, fatty acid analysis, menaquinone analysis and DNA-DNA hybridization.
The morphologies of cells (Fig. S3 ) grown on TSA agar for 3-4 days at 28 C were visualized by light microscopy (BX50 microscope; Olympus, and transmission electron microscopy (Bio-TEM H-7650; Hitachi). Colony morphology was observed on TSA agar after incubation at 28 C for 4 days using a Zoom Stereo Microscope (SZ61; Olympus). Motility was assessed in R2A medium containing 0.4 % agar [43] . Gram staining was performed according to the procedure described by Doetsch [44] . Catalase activity was determined by production of bubbles with 3 % (v/v) hydrogen peroxide (H 2 O 2 ). Oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine dihydrochloride. Presence of flexirubin-type pigment was investigated with 20 % (w/v) KOH solution [45] . Growth was assessed on various media, including R2A agar (MB Cell C) was determined on R2A plates for 7 days. The pH range for growth was determined by cultivation at 28 C in R2A broth adjusted to pH 4-12 (at 0.5 pH unit intervals) prior to sterilization using citrate/ NaH 2 PO 4 buffer (for pH 4.0-5.5), phosphate buffer (for pH 6-7.5), Tris buffer (for pH 8-10) [46] and 5 M NaOH (for pH 10.5-12.0). Growth with NaCl was examined by cultivation in R2A broth containing 0-5 % NaCl (w/v, at 0.5 % intervals). Hydrolysis of Tween 80, Tween 60 and Tween 40 was assessed according to the method of Smibert and Krieg [47] . Anaerobic growth was assessed by cultivation on TSA agar at 28 C for 10 days in a BBL (Becton Dickinson) anaerobic jar with a GasPak EZ Gas Generating Container (Becton Dickinson). Hydrolysis of chitin, carboxymethylcellulose, hypoxanthine, xanthine, tyrosine, starch and casein was evaluated as described previously [48, 49] . Production of hydrogen sulphide and indole was assessed using sulphide indole motility medium (SIM; Oxoid) [50] . A DNase assay was performed with DNase agar (Oxoid). Endospore formation was evaluated by staining with malachite green [51] . Other physiological and biochemical tests were performed using API 20NE and API ID 32GN test kits (bioM erieux). Enzyme activities were tested using an API ZYM kit (bioM erieux) according to the manufacturer's instructions. Strains CB-3 T and CB-31 did not assimilate any of the substrates available (after 7 days of incubation) except for hydrolysis of aesculin and gelatin in API 20NE. Differential characteristics of strains CB-3 T and CB-31 with other reference strains are presented in Table 1 .
For the fatty acid analysis, all strains were grown on R2A plates with incubation at 28 C for 3 days. Fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.0B). The fatty acids were analysed with a gas chromatograph (HP 6890 Series GC System; Hewlett Packard) and identified using the TSBA6 database of the Microbial Identification System [52] . The major cellular fatty acids were iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 15 : 0 3-OH, summed feature 9 (iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl) and iso-C 15 : 1 G. The polar lipids and isoprenoid quinone were extracted and analysed from freeze-dried cells as described by Minnikin et al. [53] . Isoprenoid quinone was extracted with methanol/ water (10 : 1, v/v; water containing 0.3 % sodium chloride [54] ) and petroleum ether at 80 C, evaporated under a vacuum, re-extracted with acetone and analysed by HPLC [53, 55] . Menaquinone-6 (MK-6) was detected as the sole quinone. The polar lipids were analysed by two-dimensional TLC using chloroform/methanol/water (65 : 25 : 4; by vol.) in the first dimension and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 2, by vol.) in the second. Appropriate detection reagents [53, 56] were used to identify the spots: molybdophosphoric acid (phosphomolybdic acid reagent, 5 %, v/v, solution in ethanol; Sigma-Aldrich) was used to detect total polar lipids, ninhydrin reagent (0.2 % solution; Sigma Life Sciences) was used to detect aminolipids, Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma Life Sciences) was used to detect phospholipids and a-naphthol reagent was used to detect glycolipids. The major polar lipid of strain CB-3 T was phosphatidylethanolamine. In addition, two unidentified aminolipids, six unidentified lipids and an unidentified glycolipid, were also detected in moderate amounts (Fig. S4) . The same spots and position of polar lipids were detected for strain CB-31 (not shown).
Flavobacterium flaviflagrans CB-3 T (KY031328)

Flavobacterium flaviflagrans CB31 (KY031329)
Flavobacterium humicola UCM-46 T (KT750335)
Flavobacterium suncheonense GH29-5 T (DQ222428)
Flavobacterium pedocola UCM-R36 T (KU052688)
Flavobacterium fulvum UCM-R15 T (KU052686)
Flavobacterium enshiense DK69 T (JN790956)
Flavobacterium saliperosum 1.3801 T (DQ021903)
Flavobacterium cauense R2A-7 T (EU521691)
Flavobacterium limnosediminis JC2902 T (JC928688)
Flavobacterium columnare IFO 15943 T (AB078047)
Flavobacterium terrae R2A1-13 T (EF117329)
Flavobacterium hauense BX12 T (JX066803)
Flavobacterium aquaticum JC164 T (HE995762)
Flavobacterium cucumis R2A45-3 T (EF126993)
Flavobacterium ahnfeltiae 10Alg 130 T (KC247342)
Flavobacterium jumunjinense HME7102 T (JF317279)
Flavobacterium dongtanense LW30 T (GU073293)
Flavobacterium haoranii LQY-7 T (GQ988780)
Flavobacterium urocaniciphilum YIT 12746 T (AB795015)
Flavobacterium fontis MIC3010 T (JN873147)
Flavobacterium squillarum CMJ-5 T (JQ029111)
Flavobacterium macrobrachii an-8 T (FJ593904)
Flavobacterium cheonhonense ARSA-15 T (GU295972)
Flavobacterium aciduliphilum JJ013 T (JN712178)
Flavobacterium cheonanense ARSA-108 T (GU295968) For DNA-DNA hybridization and DNA G+C content (mol %) determination, genomic DNAs of the strains were extracted according to the method presented by Wilson [57] . DNA G+C content was determined according to the procedure described by Mesbah et al. [58] . The DNA G+C contents of strains CB-3 T and CB-31 were 35.8 and 36.7 mol%, respectively, which is in line with those (30-52 mol%) of members of the genus Flavobacterium. DNA-DNA hybridization was measured fluorometrically according to the method developed by Ezaki et al. [59] , using photobiotin-labelled DNA probes and micro-dilution plates. DNA-DNA relatedness of strain CB-3 T with the reference strains showed DNA relatedness of 58.9±1.6 % (reciprocal, 63.2±2.3) with F. humicola UCM-46 T and 31.7±2.3 % (reciprocal, 32.9±1.9) with F. suncheonense KACC 11423
T . DNA-DNA relatedness between the type strain CB-3 T and strain CB-31 was found to be 86.4±2.4 %, representing a single novel species. All the assays were carried out in triplicate. DNA-DNA relatedness between the species demonstrated that strain CB-3 T differs genetically from the type strains of species of the genus Flavobacterium at the species level [60] .
The ability to tolerate salt up to 1.5 %, highest growth temperature at 42 C (on TSA) and growth at pH 9.5 differentiated strain CB-3
T from other type strains studied ( Table 1 ). The major cellular fatty acids were iso-C 15 : 0 (51.8 %), iso-C 17 : 0 3-OH (10.9 %), iso-C 15 : 0 3-OH (12.0 %), summed feature 9 (iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl) (9.4 %) and iso-C 15 : 1 G (4.1 %). Absence of the minor fatty acid C 10 : 0 ; presence of the minor fatty acids C 18 : 1 !5c, iso-C 11 : 0 3-OH and iso-C 13 : 0 3-OH, and the differences in percentages of major and other minor fatty acids showed characteristic differences for strain CB-3
T from the most closely related type strains ( Table 2 ). The sole menaquinone detected was MK-6, as reported as the major respiratory quinone of all members of the genus Flavobacterium. The presence of one glycolipid and six unknown polar lipids also distinguished strain CB-3
T from other type strains. Furthermore, strains CB-3 T and CB-31 were phenotypically distinguished from the type strain F. humicola UCM-46
T on the basis of colony colour and genotypically distinguished by DNA-DNA relatedness even though these strains shared the highest similarity of the 16S rRNA gene sequence. Based on the phenotypic, chemotaxonomic, genotypic and phylogenetic data presented here, strains CB-3 T and CB-31 represent a novel species of the genus Flavobacterium, for which the name Flavobacterium flaviflagrans sp. nov. is proposed. *Summed features represent groups of two or three fatty acids that could not be separated using the MIDI system. Summed feature 2 comprised unknown 10.928 and/or C 12 : 0 aldehyde; summed feature 3 comprised C 16 : 1 !7c and/or C 16 : 1 !6c; summed feature 9 comprised iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl. Unknown fatty acids have no name listed in the pick library file of the MIDI system and therefore cannot be identified.
DESCRIPTION OF FLAVOBACTERIUM FLAVIFLAGRANS SP. NOV.
- + + + + b-Glucosidase - - - W - - - N-Acetyl-b-glucosaminidase + W - + - - + DNA G+CC 17 : 1 !6c 0.0 0.3 0.4 1.2 0.4 - - C 17 : 1 !8c 0.0 0.5 - - 0.3 - - C 18 : 1 !5c 1.1 - - - - - - Branched saturated iso-C 10 : 0 - - 0.4 - - - 0.5 iso-C 12 : 0 - - - 0.2 - - - iso-
